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BACKGROUJD

INTRODUCTIN

The interest of surgeons ia problems of electrolyte mstabolism and parenteral
therapy has developed rapldly in recent years, Tils intercst has been stimuiated to
a considerable degree by the increasing magnitude of sirgical procedures involving
the necessity for prolonged and complicated supportive therapy and conversely,
advances in the field of supportive therapy have beer largely responsible for the
feasibllity of present-day extensive surgery. Tha repid progress during the first
half of this century has been uwade possible by the development of a-enrate and prac-
ticable mothods by which the composition of body fluids can be assessed and on the
basis of which logses cen be replaced and deviations of composition restored. The
outstanding contributors to the.field of filuid and electrolyte balance have been
pediatricians whose gltudles were initiated Ly the compslling problem of infantile
diarrhea. Theugh until recently surgeons have besn content to take over the methods
which pediatricians introduced and apply them to their own specialty, it has become
increasingly apparent that the surgical patient presents specific problems which
deserve special consideration. This reelization has resulted from the accumulation
of evidencve pointing to the consistent occurrence of a specific pattern of metatolic
changes accompanying trauma of the dogree exempliiied by major surgical operations.
Although the changes associsated with surgical strsss iavolve both inorganic and
organic metabolism, the present dissertation will be concerned only with deviations
of mineral and water balance, their possible relationship to the function of the

endocrine system and the therapeutic problems which they present.

I. THE NONSPECIFIC REACTIONS OF ELECTROLYTE METABOLISM TO SURGERY
In the 1930's, French authors spoke freguently cf "La Maladie Postopératoire“.
This syndrome which was felt t~ be consistently exhibited by the post-surgical
patient was chavacterized by oliguria, with a tendency to szotemia and acidosis,
hyperglycemia, increased rate of red cell sedimentation, reduction of chloride in

the blood and abagpgekof chloridg in the urine (193, 106, 108, 109, 140). These




observutions of consistently reduced plaama chl' ide levels despite small amounts
of chloride in the urine of postoperative patie¢ 3 have been repeatedly coniirmed
in subsequent years (4, 6, 112, 110, 119, 124, 1.5, 134, 162).

The findings with regard to sodium metabolism in the ﬁostoperative patient
have playad a most significant role in the recent history of surgical electrolyte
therapy. In 1933 Jones and Zaton under the title of "Postoperative Nutritional
Edema" described the clinical edema which was common during the period when the
employment of "physiological" saline solution as a hydrating fluid was widespreed
(100). This situation then obtained despite the fact that the dangers of saline
solution had been emphasiged much earlier by Trout, by Evans, and even by Dr. Matas
who had been largely responsible for the introduction of coitinuous intravenous
fluid therupy in this country (56, 116, 175). Ia 1945 the balance studies of
Coller and his aszociates demonstrated the powerful tendency to retention of sodium
ion by patients in the immediate pcstoperative period (25, 27). As a result of
these experiments, it became the custom of many surgeons to administer no sodium
chloride to patients on the day of surgery and during the first 24 hours followlng
operation,

The behavior of potassium ion in the post-surgical patient has similarly
received an increasing degres of attention in receant years. Cuthbertson, who
through his studies c¢f nitrogeu balance had pioneered the investigation of metabolism
in surgery and injury, found that in addition to nitrogen, larpge amounts of potassium
and phosphorus were poured out in the urina of patients following fractures and
operations (32, 33). The subsequent studies of Albright, Howard, Randall, Moorc
and many others have confirmed this and shown that the potassium-to-nitrogen ratio
of the urine under these circumstances exceeds that of tissues, indicating that
specific effects on potassiun are concerned entirely apart from the catabolie

processes involving tissue protein (12, 47, 48, 90, 123, 124, 125, 133).
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Although, potassium is discharged in considerable amounts through gastro-
intestinal secretions, it is apperent that the major loss which lsads to depletion
of this ion in surgical patients is that which occurs in the urine during the post-
operative period in the absence of adasquate replacement therapy. Serum potassium
levels are regularly seen to be lowered in postoperative patients on usual paren-
ter:1l management, and the syndrome of hypokalemic alkalosis, the mechanism of which
was first elucidated by Darrow in infantile diarrhea, is now recognized as a fre-
quent complication of surgery (36, 37, 38, 39, 40, 47, 49, 51, 52, 53, 55, 114,
128, 129, 131, 1323, 155).

II. HANS SELYE AND "THE GENERAL ADAPTATION SYNDROME®

Of obvious relevance to these considerations regarding nonspecific metabolic
alterations in the surgical patiert are the now well-known findings of :elye and
his co-workers relating to the consequerces of trauma ir experimental animals,

The concept introduced by Selye states that following the imposition of stress

in animals, a series of metsholic changes occur which have the overall effect of
rendering the organism more capable of surviving repeated stresses of & similar or
different nature. The stages of ithis adaptation have been identified as follows
(149, 150, 151):

(1). The Shogk Phage, during which the organism is relativsly decompensated
with respect to the deleterious effects of the injury sustained.

(2). The Counter-Shock Phase, during which the mechanisms responsible for the
development of resistance to stress are mobilized. In Selye's terminology phases
(1) and (2) are together referred to as the Algrm Reactiop.

(3). The Resistsnce Fhase, in which the animal has developed resistance to
furthex or contimued trauma.

(4). The Exheustion Phage, which represents the point at which the mechanisms

of resistance break down.
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Selye has brought together & vast assortment of chemical and pathological
phenomena which he believes to rapresent processes wnich take place during the
development of resistance to non-specific trauma. A complete discussion of thsse
manifestations is beyond the scope of the presgent ireatise, and one must for this
consult this author's extensive reviews on the subject (145, 149, 150, 151). Of
particular importance are hypertrophy of the adrenais, regression of the volume
of lymphoid tissue, and reduction of lymphoid elements and eosinophilic leukocytes
in the blood. The metabolic phen;mena include negative nitrogen balance, increased
glyconeogenisis from protein and consequent hyperglycemia and decreased gluccse
tolerance.,

Most germaine, however, to the problem under discussion here are the modifi~
cations of mineral and water metaboliam which characterize ths "Adaptation Syndrome".
Chloride levels of the blood were found to fall sharply during the shock phese
to rise again during the countershock phase and frequently were found to be higher
than norma: during ths phase of resistance. This pattern is illustrated ih
Figure 1 which is edapted from Selye's illustrations (146, 14/). Sodium concen-
trations bshave similarly. From the time of injury, howsver, restriction of urinary
sodium and chloride excretion takes place. Potassium excretion on the contrary
is fecund to be enhanced.

Characteristic changes in water balance have also been ghown by the investi-
gations concerned with the manifestations of stress in experimental animals. Howlett
and Browmsand Selye and his associates have observed pronounced tendency to water
retention and to formation of edema ard fluid accumulation in asyvus cavities
during the early stages of the response to injury (19, 91, 92, 102). This
occurrence is related, they believe, not only to alierations in renal function,

but to changes in the permeability of capillary and other membranes.

(e SR
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o All the adjustments which characterize the counter-shock and resistance phases
are abolished by the removal of the hypophysis or the adrenal cortices. It is
apperent, therefore, that these reactions are mediated by the hormones of the
adrenal cortex, the secretion of which is stimulated under the circumstances of
stress by the pitultary corticcotrophic hormone. In the absence of the adrenals,
the manifestations of the shock phase of the adaptation syndrome are more severe,

3 more prolonged, and animals are much more likely to succumd to them. Thus it has

: been shown that abaormal accurmlation of edema following injury is greatly iucreased

. ir adrenalectomized animals. Similarly the depression of chloride levels is more

profound, more prolonged, and the hyperchloremic phase less in evidence (147).

III. RECENT STUDIES RELATING METALOLIC REACTIONS IN THE SURGICAL PATIENT TO
EXDOCRINE FUNCTICH

TRy

That the typical changes which characterize the metabolic balance of the poat-
operative patient are entirely analogous to those incident to the non-specific
stress response in animals is quite svident. Feyel and Varangot in 1943, studying

the sodium and chloride exorction in surgical patients pointed out thet this

el ol

whits

reaction was the converse of Addison's disease and postulated it was due to
%' hyperadrenalism (57). Albright in his classic lecture on the Cushing Syndrome
] pointed to the parallelism bstween the effects of Lyperadrenalism induced by that

d:..ease on the one hand and by injury and surgery on the other (2). Venning and
her co-workers, and subsequently many others, demonstrated the presence of hormones
of adrenal origin in the urine of patients following surgical interventions
(176, 177, 178). Quantitative differences in the output of cortical steroids
between healthy and chronically-ill surgical patients have also been demonstrated (50).
The development by Thorn and his co-workers of the absolute eocsinophil count
;;: 8s g measure of adrenal function has afforded = simple method for delineating the
adrenal response to operations (165). Laragh and Almy and subsequently Roche and

others demonstrated that in uncomplicated surgery the eosinophil count fell
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sl




-

-

inmediately snd returned to vormal on the 3rd to 5th postoperative day (105, 139).
It is of interest in this connestion that in 1907, Lems noted the absence of
eosinophils in acute diseases &nd discussed the prcgnostic significance of persis-
tent eosinopenia (104). The use of ecsinopenic response to ACTH as deseribed

by Thorn and to epinephrine as introduced by Recant and her co-workers have been
suggested as methods of evaluating preoreratively the patient's ability to respond
to surgery (136, 165).

Recent studies have suggested a specific relationship betwsen the postoperative
alterations of fluid and cinsral balance and secretion of adrenal hormones. Hardy
has attached considerable significance to the fact that the duration of oliguria
postoperatively runs closely parallel to the postoperative eosinopenia (75, 77, 78).
He has found a similsr relationship between the eosinophil level and fluid loss
from gastrointestinal secretions (76). Johnson and his co-workers have demonstrated
sodium-to-potassium ratic in postoparative §waat which are identical to those seem
after administration of desoxycorticosterone and ACTH (99). This they have
interpreted as evidence for the increased prcduction of ll-desoxycorticosterolds

afver operation. The validity of such a conclusion will be subsequently discussed.

IV. THE ADRENAL HORMGNES: CHEMICAL PROPERTIES

Tt is nbviously impossible to include hers an edegquate discussion of the
cheanical nature and properties of the adrenal hormones. Our present knowledge of
the chemistry of the steroid hormones ias perhaps the most admirable contribution
of organic chemistry in recent years and its attainrent has been a complicated and
arduous task. It must suffice here to prssent msrely an outline of the major
group of compounds and their best~known representatives without any detailed
consideration of the investigations upon which the present concepts are based.
The conventional classification of these compounds into (a) mineralocorticoids,
(b) glycocorticoids ané (e) androgens may eventually be disproved. Such & division-
nevertheless enjoys, at the present time, the benefit not only of chemical evidence,

but of physiologicel and snatomical confirmation. It seems to be the most rational




framework upon which to consider these substances.

A. Eleven-degoxvcortjcoids. (iinaralocorticoids)
{ These compounds are primarily concerned uith mineral exchangs causing positive

sodium and negative potassium balances with little or no effect on organic metabolism.

The most familiar compound classified in this group of u—desomorticosteronex

CH, OH
[
CHs
’ CHy
z
(2] i
¥ {
1l-desoxycorticosterone

This substance was synthesiged and Reichstein in 1937, and nas been widely available

commercially (156, 157). It was subsequently shown by Reichstein and von Euw to be

present in beef adrenal glands, but only in extremely small amounts (12.5 mgm. per
1000 pounds of bsef adremnals) {137). Although this compound replaces certain

N s R

functions of the adremal gland, being the most powerful sodium~-retaining substance
known, there is some doubt as to its status as a true naturally-occurring hormone.

If there is an ll-desoxycorticoid which subservea the function of electrolyte

dite ot b s

regulation, it is perhaps more likely tnat this is ll-desoxy-17-hydroxycortico-
sterone (Compound S of Reichstein).

aid
)

..-r
L

3 11-desoxy-17-hydroxycorticosterone
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This material, though a somewhat less potent sodfum retainer, has been obtained

in greater amounts from adrenal glands (137, 166).
B. ll-oxveorticoids (Glycocorticoids).

These substances are predominsa:;tly concerned with the regulation of nitrogen

and carbohydrate metabolism. Chemically they differ from the first group only in

the possession of either a ketone or a hydroxyl group at the 1ll-carbon position.

The known members of this group are given below with the names by which they are

usually known. (Kendall's nomenclature).

E";”“

t-
o Chy 2

CHs

Corticozter ne
Compour.d R

17-hydroxy~ll-dshydrocorticosterone
Compound E
Cortisone

17-hydroxycorticosterone

Compound F
Hydrocortisone
CH, ovt
': i =0
W tis
CHy
00’
1l-dehydrocorticosterone
Compound A

Lats ™
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The most familiar of these are, of course, Kendall's Compound E and its
1l-hydrogenated relative, Compound F. All of this group tend to cause negative
nitrogen belance, increased glyconeogenesis from protein and decreased glucose

{  tolerance. It is important, however, that they are not without effect on mineral
metabolism. Although their effects in this regard are variable, depending on
dosage, animals used, and experimental conditicns, Compounds E, F, and B have all
been shown under appropriste sircumstances to cause positive sodium, and negative
potagsiua balsnces in man (60, 164, 166, 167, 170, 171). As will be seen presently
this fact may be of considerable inmportance wvhen the question arises of whether
specific mineral-regulating hormonas need be invoked as a basis for the charescteristic
electrolyte propersity of the glycocorticoids is of particular signifisance with
regard to Compound F, which some have felt to be the only important hormone

Ti produced by stress and adrensl stimulation (30, 61).

” C. Ihe Apdrogens

There remains a third group of adrenal staeroids sbout whoge normal function

e o bek

1 almost nothing is lmown. They differ from the first group in possessing only 19
instead of 21 carbon atoms. Having no side chains at the 17-carbon, they are

cheaically similar to the tesi.icular androgen testosterone and presumably their

function is similar. The roisowing siostance, adrenost:rone is an example of such
an androgen of adrenal origin.

o* \/

Adrenosterone
Androgens oause positive nitrcgen balance and if the adrenal androgens have

i,, a metabolic function it may be to balance the catabolic activity of the glyco-
corticoids.
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V. THE ADRENAL HORMONES: SOURCES; REGULATIQN; METABNLISM AND EXCRETION

As far as is now known the secretion of glycocerticoids by the adrsmal cortex
is entirely under the regulation of the anterior hypcphysis. At least two mechanisms
appear to be involved in this rsgulation (111, 117, 118, 144). In the animal which
is not being subjected to stress, the dischargs of pituitary corticotrophic rormone
was shown by Sayers to be inhibited by elevation of the blood level of adrenal
steroids (22, 144). This phenomenon suggests that in the absence of atress, at
least, a nice balance exists by means of which the interaction of the pituitary
and the adrenals maintain a ¢onstant blood level of cortical substances. Under
the circumstances of stress, however, it is probable that other mechanisms can
stimrlate the production of ACTH by the anterior pituitary., C.N.H. long first
showed that epinephrine was capable of stimulatiLg corticotropbic activity (111).
Advantage of this phenomencn was taken by Recant and her coullaborators to develop
a test for pituitary rese:ve (136). On the other hand more recent investigations
have casti some doubt on this action of epinephrine and particularly on the validity
of the "epinephrine-eosinopenia” test (128). Hume has shown that the stimulatory
actions of stress are probably delivered to the anterior hypophysis by way of
certain centers in the hypothalamus which he believes communicates its stimulation
to the pitaitary through humoral rather than neural mechanisms (94, 95, 96).
Harris and associates have confirmed these findings (79, 80).

When one considers the control of electrolyte-regulating adrenal hormones
the picture differs. There is no clear—cut evidence ithat minerslocorticoids are
under the control of the anterior pituitary. The cytological studies of Greep and
Deane relsting to the effects of varicus ciroumstances on the character of the
three cortical zones have produced some impressive information on this point (12, 42,
70, 71, 72). It was the finding of these investigators that, whereas the adminis-
tration of desoxycorticosterone caused atrophy of the zona glomerulosa in rats,
ingtitution of low sodium, high potassium intakes caused anlargement of thias

ovtermost layer of cortical cells. Treatment with ACTH, on the other hand resulted

s
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in hypertrophy which was limited to the zcna fasciculata. They concluded that the
wona glomerulosa was the gsource of mineralocorticoids and that the glycocorticoids
were elavorated by the zonma fasciculute. Previous observations concerning cytologic
changes in certain cases of adrenal virilism had already suggested that the zona
reticularis gave rise to the adrenal androgens (14). Greep and his associates
further comwi:isd that the sona giomsrulosa is independent of pitditu'y trophiec
influence, being responsive outy to the sodium-to-potassium ratio of the blood.
Other vorkers have regched the same conclusions in animals and O'Domnell and
associates found simiiar cytologic changes following administration of ACTH and
cortisone in humens prior to death (3, 7, 101, 130).

It is apparent that the question raised by these experiments is of crucial
importance in the consideration of the endocrine ragulation of electrolyte balance.
There are those who feel that this independence of the electrolyte~regulating
portion of the adrenal does not apply to the humen. Part of this belief is based
on the powerful sodium retention which has frequently been demonstrated in
comection with ACTH trestment (59, 172). This sodiume:etaining effect of ACTH
is mmch more prominent in the human than in the ré.t (98). Comn and others have
felt that the changes in thermal sweat composition which resulted from ACTH treat-
ment and surgical operations wers indicative of the operation of a "desoxy" type
compound (29, 99). Similarly Leaf and Coulter concluded that pituitary cortico-
trophic function was mobiliged in response to elestrolyte demands from experiments
in which nitrogen excretion was found to increase as a result of ths imposition
of a lov sodium diet (107). Nevertheless L:ugheday found no increase in urinary
glycocorticoid excretion in hypartena.ive patients on low sodium diets such as one
would expect if ACTH were mobilized in response to demand for sodium retention (35).
Our experiments dealing with the effects of altering sodium and potassium intake
would justify =imilar conclusions {(see below).

po
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Brief mention should be made at this point of the main pathways for metabolism
and exoretion of the major groups of cortical steroids in view of the studies to be
reported involving the mensurement of excretion produsts. The glycocorticoids, at
least in part, are sxocreted unchanged except for conjuga’ion. The known conjugates
are sulfates and glucuronides. Little is lmowm about the metabolism of mineral-
ocorticoids. However, Cuyler and Hamblen in this country and independently Westphal
in Germm ghowed that 1l-desoxycorticosterone was excreted in the urine as
pregnanediol gluouronide (34, 74, 184). Hence the following transformation is
prezumed to take place in the body prior to rensl excretion:

c'.“‘OH c HoH
[
CHj . 8
eH CHy,
> _—— Ty __ﬁ7 .
o ’ H
HO
11-desoxycorticosterone pregnane-3 { =-20K-diol

Thie phenomenon has been confirmed and a mechanism for the transformation suggested
(87, 89). Androgens are excreted as 17-ketosteroids. One cannot, however, assume
that the precursors of all urinary 17-ketosteroids are androgens, since glyco-
oorticoids of the cortiuone type have been skown to be partially metabolized by
this route (170).

VI. THE ADRENAL CORTEX AND WATER MuTABOLISM
The behavior of the adrenal hormones with respect to the excretion of water is
complex and only the essentials of the exceedingly vast and interesting data
available on thic matter can be discussed., The subject has been very thoroughly
dealt with in the reviews by Gaunt and his colleagues (66, 67).
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Acooumpanying the retention of sodium which attends the administration of
cortain adrenal hormﬁea, there is f-equently seen a concomittant retention of
water. This is true not only for desoxyccrticosterone, but for cortisone and
ACTH. If, on the oluer hand, arc considers the effects of adrenal substances on
wator balance alcne. 5t appsars to be one of promoting diuresis. Adrenalectomized
animals and Addisonisn patienis are unahle to respond adequately to an administered
wvater load. This, of course, if the besis for the Robinson-Kepler-Power "water
test" for adrenal insufficiency (138). Adrenal hxrmones are able to restore the
adrenal-deficient organism to normal in this regard and to enhance the diuretic
response to water. Glycocorticoids possess this activity to & much more 'proninent
degree than does desoxyocorticostervns. The action of these substances is believed
to be one of inhibition of tubular reabsorption of water, though acceleration of
glamerular filtration may also be a factor (66, 67). In the mediation of these
effects on the kidney, an antagonism to the effects of neurohypophyseal antidiuretic
hormone 1s involved, though whether this antagoniem involves changes in senaitivity
to antidiuretic hormone, or alterations in production or destruction of ALH is
not clear. There is also evidence that the adrenal effect on water metabolism is
not limited to the kidney. Effects on water distribution have been shown in
nephrectomized animals, and recent evidence has suggested an effect on red cell
volume which mgy be a reflection of generalized activity on cell permeability
(121, 152).

Of particular interest is the effsct of adrenal hormones on water intoxication.
Since the initial studies of Weir and Rowuntree, it has been recognized that
exsessive administration of water to men or animals causes severe central nervous
system impairment, typically characteriued by convulsive seizures (69, 70, 142, 143,
182, 183). Early work also showed that not only excess of water, but depletion of
extrecellular elestrolytes are factors in the genesis of this state {154, 175).

The response of the central nervous system cells under these circumstances is

apparently related to reduction in concentrations of those extracelluiar solutes

with respect to which a gradient between the intracellular =nd extracellular fluid
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is normally maintained. Under the circumstances of water intoxication, functional
impairment occurs resulting from the movement of water to the interior of the cell
following dilution of extracellular ions. This is in eccordance with the hypothesis
of Darrow ard Yanmnett which statss thet fluid movements between these two compart-
ments are occasioned by the solute concentrations and mot the volume of the extra-
cellular fluid (41). It is for this reason ihat extracellular dilution, whether

it results from an oxcess of water or a deficlency of salt has the rame functional
~ffect.

Adrenal function plays a critical role in the matter of susceptibility to
watar intoxication. Adrenalectomized animals are extremely susceptible to the
damaging effects of water excess. On the other hand, as Gaunt, Swingle and others
have shown, by administration of adrensl hormones animals can be made ¢ mpletely
resistant to water intoxi-ation (63, 64, 65, 81, 161). This effect of adrenal
horxones on inh’bition of convulsions resulting from water-loading was first shown
to opercte in the human by MeQuarrie (120, 121, 122). Glycoecorticoids are much
more potent in this type of activity than are hormonss of the "desoxy" type. The
possible role of adrenocortical function comes into consideration here becsuse of
the high incidency of water intoxication which wso have observed in the first two

days after operations (see below).

VII. THE PROBLEMS

It is apparent from the data which have been mentioned in the foregoing review
that slecirolyte balance in the postoperative patieni is at least nartislly under
the influence of non-specific factors which are involved in the reaction of the
oryanism to trauma. To an extent which at present is undetermined, these factors
are manifestations of aotivity on the part of the endoorine system. If this is
the case, the management of postoperative complications of electrolyte balance will
eventually involve not only problems of replacement of water and solutes, but an

attack on the basic regulatory mechanisms. In order for this to be feasit a

great deal of information will have to be gained regarding the specific endocrine
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substances involved, the factors regulating their action, the duration of their
( activity and the aeans by which their activity can be altered if indeed the indi-
cation for deliberate alterat.ions can be shown to exist.

It vas mentioned that wineralocorticoids of the ll-desoxycorticosterone type
released as a result of pitultary corticotrophic stimulation have been implicated
as being responsible for the characteristic postoperative retention of sodium and
loss of rotassium. If this is true, the independence of the seli-retaining portion
of the adrenal which Greep has demonstrated in the rat must not hold for the human.
Such an hypothesis requires that experiments be done to determine whether such a
fundanental difference between men and the rat exists. If possible it would also

be extremely important to demonstrate the presence of desoxycorticosterone or a

metabolite of this substance in the urine of postoperative patients. This should
be done by a chemical rather than a biological method since many substances not
primarily concerned with minersl metabolism may show sodivm retention as a part
of their physiological action.

The depression of electrolyte concentrations which hes been recorded after
opsration seemed to Ceserva study. To what extent is this a constant phenomenon?
Is it by itself an adequately frequent and profound deviation to account in part
for the ususl postoperative alteration in sodium and chloride balancs? 1Is this
phenomenon serious enough to be reaponsible for postoperative symptoms?

The studies which follow represent initial attempts to explore some cf these
questions. Although it is felt that they shed some light on these tasic problems
they do not, of course, leave them conclusively answered. Many more studies and

much more complex methods i1l eventually be required.
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METHODS

I. EOSINOPHILS
& The method most frequently employed for measurement of glycocorticoid function
in the studies which follow is the total blood ecsinophil count. In the earlier
work the eosin-scetone technique of Lunger was employsd (46). Later Randolph's
phloxine-methylens blue method was adopted {133). Actually there appeared to be

very litile difference in either precision or reproducibility between the two

methods.

PRI AR T

II. FORMALDEHYDOGENIC CORTICOIDS

i Where output of corticoids was to be determined, Mason's modification of the

E~ method of Corcoran and Page was employed (115). This method depends on the

: oxidation of ketol side chain at cerbon-17 to formsldehyde. The formaldehyde is

: measured by colorimetric reaction with chromatrc;ic-acid, there being a mol-for-mol
;- relationshi; between the formaldehyde produced and the amount of original steroid.
It is important that since this mathod requires only the presence of the ketol

side chain, it is not necessarily specific for glyco- or ll-oxycorticoids, although

it 41s frequently interpreted as a measuremsnt of these substances. The conjugates

were hydrolyzed by acidification of the urine to pH 1.0 for 2 hours. The extraction
wae greatly facilitated by the use of the Cohen continuous liquid-liquid extractor

by means of which the acidified urine was extracted for 24 hours with chloroform (24).
This technique, though it has been generally accepted, probably measures only a

suall fraction of the tota’l urinary corticoids since acid hydrolysis releases

only the sulfate-conjugated steroids and little if any of the material which exists
in the form of glucuronides.

III, FPREGNANEDIOL
In the experimemnts which are described in the latter portiorn of this report,

( ' pregnanediol excretion was studied in male patients after operations. For this a

mmber of methods were tried. The only method which appeared to be capable of
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giving significant measurements of the small amounts of this material in male urine
vas a modification of Guterman's method which was described by Hoyt and Levine

(73, 93). Volumes of 500-800 ml. of urine were acidified and refluxed with toluene
for one-half hour. Tuhe toluene extract was decoloriged and evaporeted to dryness.
The residues ware dissolved in acetone and the pregnanediol fraction precipitated
with sodium hydroxide. The precipitate was sstimated bty development of the
characteristic red-brown color with sulfuric acid. The Evelyn photoelectric
colorimater was used for all colorimetric determinations. It is spprecisted that
all "pregnanediol" fractions probably contain steroids which are not the well-known
pregnane-3KL -2D -£diol. The resuits of these experi :nts are therefore significant
only insofar as the excretion values after surgery and various other types of
treatment are compared with the control values. In later experiments some pre-
liminary studies were done using a pregnanediol agsay based on enzymatic hydrolysis
of conjugates as dsveloped by Cohen (23).

IV. ELECTROLYTES
Estimation of sodium and potassium concentrations were made by either the
Barclay or the Perkin-Elmer flame photomoter using the lithium internal standard
principls. Carbon dioxides combining power of the plasma and plasma and urinary
chloride levels were determined by the usual clinical laboratory metaods (132).

V. FLUID THERAPY OF PATIENTS UNDER STUDY
The administration of fluid and electrolytes to these patients followed the
principles which have been the routine on the surgical services of this hospital
(180, iRl). 1In general, sodium chloride was not given on the day of operation and
rarely more than 4.5 grams on the first postoperative day. On subsequent duys
sodium cbloride was given in amounts calculated to replace abncrmal losses. In most

instances where analyses of externally-lost fluids were not made, about six grams
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of sodium chloride was admi).jsti-red for each liter of material lost, sush as gastric
suction drainage. After the second postoperative day it was customary to give

2-4 grams of potassiunm chloride by parenteral route. Water was adminiotered in

the form of 5% glucose solution allowing 2500-3000 cc. for the total of expected
urinary outpit and insensible loss. To this was added volume-for-volume replacement
of external gastrointestinal loss. The state of hydration was further evaluated

by daily estimation of the body weight as described by Wangensteen; using the litter
balance where patients were unable to stand on the regular scales.

Unfortunately relatively limited facilities for flame photometric determinations
and the absence of a metabolic ward rendered overall balance experiments impossible
on most of the patients who were studied. It has been neceasary to assume that the
characteristic changes for example in sodium and potassium balance which have been
repsatedly reported by others (see above) appiied at least qualitatively to our

patients.

EXPERIMENTAL STUDIES

I. RESPONSE OF BLOOD ELECTROLYTE CONCENTRATIONS, WATER BALANCE AND THE PITUITARY
ADRENAL-MECHANISM TO SURGERY

It has been mentioned sbove that what might be called the "normal® postoperative
course 1s characterized by relative hypochloremia and other evidence of dilution
of the major extracellular electrolytes. It was of interest therefore to study
in some detail the day-to-day course of these levels in uncomplicated cases and to
investigate what chronologic correlation existed between these levels and the total
eosinophil count as an index of the pituitary-adrenal response to stress. These
values were also correlated with the body weight which, over short periods, we
feel to be a reliable indicator of the state of water balance. These determinations
were done serially in order to determine with what degree of constancy changes in
these quantities occurred, the average degree and duration of deviation from pre-
cperative control valuas and what, if any, relationship in time existed between
endocrine activity, water balance and alterations of ionic composition.

— A b s i et Sty et o




The first group at:died consirted of 40 patients who underwent operations
ranging in gravity from inguinal herniorrhaphy to tdd gastrectomy. Daily sodium
and potzssiun determinations were done on 15 of the patients. The remaining

det erminations were carried out on all 4O. Nona of these patients developed clinical
complications nor deviations of electrolyte balance which required specific treatment.
Figure 2 shows the mean values along with standard errors of the means (X2) of the
eosinophil counts, body weigh* and levels of C1l~, HCO3~, Nef and K£ for the first
six poatoperative days. It is apparent that the eosinophils fall immediately,
their lowest concemtration being reeched on the first postoperative day. From this
point they gradually rise attaining the preopurative value between the fourth and
sixth day after operation. Concentrations of sodium and chloride also fall
imnediately. Sodium values rise again somevhat more rapidly than do the chloride
levels. This difference between the response of sodium and chloride is reflected
in a tendency toward meiabolic a’kslosis which is indicated by the slightly elevated
blecarbonate levels which are present from the second to fifth postoperative day.
Potassium concentrations regularly fall and tend to be depressed throughout the
entire interval which was considered in this study.

The electrolyte pisture which develops immediately subsequent to surgery is
one of dilution of the extracellular ions despite & specific tendency to the
rotention of sodium and chloride. A partisl elucidation of this appareat dilution
may exist in findings with regard to ths body weight (Figure 2). Under circumstances
vhere nutritional requirements are not met, one would expect a consistemnt fall in
the body weight. In contrast it is obaerved here that the weight dces not fall
until after the second postoperstive day. On the portion of the graph depicting
body waight changes, two other curves are illustrated. One is constructed from the
data on fgated, hydrated man atudie.d by Benedict and shows the striking weight
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decrsase which ocours under these ciroumstances (10). The second i= calculsted

from Gamble's figures dealing with the effects of 100 grams of glucose on preventing
the loas of intracellular and extreceilular water which ocours during fasting.*
(Larger amounts of glucose produce no greater effect) (62). Since all these patients
received at least 100 grams of glucose daily the Gamble curve is surely the more
velid “oase line" to use in assessing the degree of abunormal water retention which
these patients manifested. Even this is only a rough approximation since it 1is
based on the protoplasmic losses which ococur as a result of fasting done and does
not take into account the greater loss of intracellular protein which occurs

after trauma.

The tendency to relative maintenance of weight in the early po:teperative
peariod desplte the absence of nutrition is clearly the result of water retemtion.
This in tuwrn must be at least partielly responsible for the apparemt dilution of
extracellular electrolyte.

Table I gives the types of operations which were studied along r"ith the
duration of eosinoperia and the maximum recorded change in sodium, chloride,
potassium and bicarbonate in each case. It is spparcnt from this that the above~
mentioned changes do not depend on the anatomic system operated upon, (G.I. tract,
skeleton, etc.); and they ire seen with very small procedures (e.g. herniorrhaphy).
It also seews that within the range sf rrocedures represented in this group one
cannot relate the degree of deviation of elaectrolyte concentrations to the gravity
of the operation. Unquestionably, bowever, such a relationship would appear if an
extremely large number of cases were studied. The following studies show that the
magnitude of the procedures does play a role.

% The actual weights of Gemble's subjects were not given.
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B. Course of eosinophil count. iopdc copcentratius aud water balance following
bhighly redical cancex operations.

In a secord series a smaller nunbor of cases was studied consisting of highly
radical procedures for the treatment of cancer. Ten of these were patiemts who
underwent the oparation now designated as "super-radical mastectomy" (179). The
remainder were extensive abdominal procedures involving multiple resections and
anastomoses, partial resections of ihe liver and so forth. As in the previous series
only cases were included wherein no clinically-evident complications occurred.
Since much complications of varying severiiy are rather frequent following operations
of this sort it was difficult to collect an uncomplicated series.

Table II gives the maximm postoperative deviations in this seriesc and Figure
3 shows graphically the course of the various quantities studied with the mean
values for the standard-operation series plotted for comparison.

It is of interest in comparing the two groups that there is no significant
difference between the pituitary-adrenal response insofar as can be judged from
the eosinophil count. The initial drup and duration of eosinopenia are ertirely
similar. This, of course, is cnly true where complications do not supervene.
Where serious complications occur, we have frequently observed that tke eosinophils
remain denressed for many days, sometimes until the patient's death.

Certain quantitative differences, bowever, appear between the group of
standard operations and group of extensive procedures. Chloride and sodium
concentrations teénd %o drop lower and remain depregsed for longer following the
large operations. Abmormal water retention exists for a longer period ag indicated
by & failure of the body weight to start falling for an average of three daye as
compared with two days in the standard-operation group. There appears therefore
in the secord group to be an exaggeration of the phenomena of water-reteution and
dilution without any evidence of greater pitultary adrenal activity as far as
can be judged by the sosinophil count.
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It was of interest to determine whether therc astually was a significant

difference between the electrolyte deviations in the two groups of patients. For

this the maximm change from the preoperative value of serum sodium and chloride was

considered for each patient. Tle mean value for these changes in the two groups
were found teo be.as follows:

Standaxd Operations Eadical Ca. Operations
Mean max. Cl. changes (mBq/L): -~ 8.9 ~16.70
Moan max. Na changes t -9.3 =15.2

The relative deviate (K) caleulated for the two chloride means and the two sodium

means where -

K-X-%
S m———,
SE, + SEy (173)
end % = mnean of standard operation group.
¥ = mean of radical operation group.
SE, = standard error of standard operation group.
SI'Jy = sgtandard error of radical operation group.
was found to be as follows:
Kul = 4.0
K. = 4.5
Wa

These values of the relative deviate indicate that in the instances of both the

sodium and the chloride changses, there is a probability of less than .001 that

the differences which were observed bestween the standard operation &l the radical

operation groups was dus to chance.
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Standard Procedures

-------- Extonmve Cancer Dpetions

Figure 3. Course of eosin:pl ils, hlood electrolytes
and body weight changes in )i cases of extemsive
cancer surgery compared win similar data from stan-
dard opersations.
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II, WATER INT(XICATION FOLIOWING SURGERY

Twenty patients were studied in whom it was possible tc relate the ococurrence
of very striking central nervous system signs to postoperative dilvtion of the
extracellular electrolytes. The findings are presented here because they represent
an important consequence of the postoperative tendency to water retention and
electrolyte dilution end because of ths ralationshir between susceptibility to
water intoxication and adrenal function which has beer shown experimentally.

The relationship of conwvulsions to the state of hydration has long been
recogniged., The patients which Weir and Rowntree originally desoribed were
individuals with diabetes insipidus to vhom water iras forced after they had besn
adequately treated with posterior pituitary extract. The syndrome was first des-
oribed 1 a surgiesl patient by Helwig in 1935 (85). Baraksl raported its oocurrence
in e mentsl case, and recently the situation has beer described as a complication
of massive enemas in cases of Hirschprung's disease (8, 86). Ariel and Kremen
in this department desoribed the ocourrence of greatly emlarged ihiocyanate
spaces in certain surgical patients in two of whom convulsions were seen (4).

A. Clinical Date

The clin‘cal data on twenty patients who developed severe central nervous
systen signs postoperatively are given in Tahble 1II. Eighteen had generaliged
seizares; the other two merely exhibited sulden loss of consciousness. Ten of
the tuventy ceses followed abdominal operations., Four followed operations on the
breast and chest wall. Two operations involved head and neck and two the extremities.
There appeared tc bo no predilecstion for operations involving s single anatomieal
region or system. The symptoms and signs ranged in severity from a single con-
vulsion {ollowed Ly complete recovery to mumerous seisures with coma or confusion
lasting 10 days. Two patients in the series died axi in one thers appeared to be
no demonstrable cause of death beyong the disturbance of hydration. e
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B. Time of Onset of Water Intoxication

Figure . shows the distribution of times of onest of seizures or coms with
reference to the time of operation. It is of considerable interest that 17 of the
20 cases ocourred in the first 48 hours and the majority in the 12-to-36 hour
interval. It is significant that, as has been pointed out atove, this is the
period following operation in which the extracellular sodium and chloride values
are normally found to be at their lowest.
C. MYgter Balance

Table IV gives the intake and output date and changes in body weight recordad
in the 20 cases of water intoxication., It is apparent that 6 of the cases received
unusually large amounts of water, (4000-5000 cc,) whereas the remainder received
rather reasonable quantitiee {2500-3500 cc.). In no instance, however, were the
amounts of water given in excess of the quantity that could be tclerated by normal
individuals who had not undargone surgery. The clinical aspect of the postoperative
intolerance to water is thus illustrated. The chenges in body weight from the time
of surgery to the onset of symptoms are eleso given in Table IV, wherein it can be
M that in 14 of the cases a gignificant inersase in weight of more than one
kilogram was observed.
D. Electrolyte Copcentrations

Although evidence of positive fluid balance was nct an entirely constant
£inding in this group of patients, severe depression of majcr extrscellular
electrolyte concentrations was seen in every case. This again is reainiscent
of the uncomplicated postoperative cases in which some redustion of the extra-
cellular sodium and chloride concentrations was seen in every single instance.
These findings are tabulated in Tabhle V which shows that the majority of sodium
values were below 125 mEq/1 and that 19 of the 20 chlorides were 85 or lower, the
majority being lower than 80. The mean chloride and sodium concentrations at the
time of onset of seizures were 78.4 and 117.1 mEq/liter respectively.
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NUMBER OF CASES

1

15

)

2 24 36 48 >48
HOURS AFTER OPERATION

Figure 4. Distribution o' {imes of onset of
zelgures after operation :1 20 sases of post-
oparative water intoxicat c:.
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E. Machepism of Physiologic Disturbance in Water Intoxication

The experimental work on water intoxication has repeatedly shown that the
inclusion of sodium chloride in force-administered water will prevent the occurrence
of seisures {154, 175). This is not true for substances such as urea and glucose
to which the cell membrane is freely permeable, Large concentrations of such
substances will not prevent water intoxiecation,

It would appear therefore that the phenomenon of water intoxication is a
functional manifestation of cells behaving in accordance with the hypothesis of
Darrow and Yannet which states that changes in intracellular fluid volume are
mediated not by the total amount of fluid or electrolyte but only by the effective
camotic tension (and thers’ore the electrolyte conceavration) of the extracellular
fluid,

The data oxn these patieants confirm this, for though not all patients received
great excesses of water and not all gained weight, the finding of depressed sodium
and chloride concentrations in the serum was characteristic of all cases. Thus
elther an excess of fluid or a deficit of salt can be expected to be equally
significant in predisposing to thies condition. Case #18 was of purticular interest
in that the development of postoperative water intoxication was apparently related
to the fact that the patient had bsen maintained preoperatively on a low sodium
diet for cardiac disease.

F.

Because of the large sccumulation of evidence releiing adrenocortical deficiency
to susceptibility to water intoxication eosinorbil counts and epinephrine-eosinophil
tests ware done on a number of these patients.

Table IV gives oosinophil counts at the time of the seizures and the results
of 3 epinephrine tests and one ACTH test all of which were carried out at least 14
days after recovery from central nervous system manifestations. In one case only
.ﬁns the eosinophil count, done at the time ol seisare, abmormal. In this case,
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11lustrated in Figure 5, eosinophil counte and blood eleztrolyte determinations
were being made as a matter of routine. The patient urderwent a prolonged end
extensive operation, The eosinophil count at the time of the onset of convulsion
on the second postoperative day was found to be 100% of the preoperative value.
Reference to Figure 1 will confirm the fact that this is in ocur experience
completely out of the range of normal variation ia the postoperative eosinophil
response., Figure 4 shows the course of the eosinophils and plasms clectrolytes
in this pt t. He received 3600 co, of fluild during the 2/ hours prior to
seisure, but did not gain weight. The eosinophil count spontaneously fell again
and the patient went on to recovery.

Fortuitously this patient supplied us with scme additional information. It
happened that his blood for enalysis was drawn about an hour before the first
convulsion ocourred at which time he was apparently in sound condition. This
established the fact that the seizures vere definitely the result of rather than
the cause of the electrolyte disturbance. It is also of interest thal this
patient survived and underwert another operation six morths later at which time
the postoperative course was uncomplicated.

A1l the othfn' patients had eosinophil levels in the range of the normal
postoperative pattern, and the epinephrine and ACTH tests in the few instances
vhere they were done, gave no evidence of impaired adrenal reserve (Table VI).

G. Treatmept of Postoperative Water Intoxicaiion

Although tha treatment end prevention of postoperative water intoxication will
not be dealt with in detasil, certain observations with regard to the results of
therapy are of interest. It is apprent from Teble IV that the serum slectrolyte
values returned to rormal most rapidly in those cases in which considerable amcunts
of sodium chloride were given and fluid intake was rigerously curtailed. This
usually required the administration of hypertonic sodium chloride szolutions. The
nunber of cases studied here does not permit conclusions reganding the clinieal
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TAHLE VI
Eosinophil Data ~ Postopersative Water Intoxication

S

Count at time of

| Petent “loaie/on, i) adrenel stimiation
8 93 .
(same as pre-op.)
10 0 60% response to epinephrine
11 7
12 61
# 13 10
r 1 12 58% response to epinephrine
£ 15 2
- 16 7 45% response to epinephrine
18 28
19 0
20 0 58% response to ACTH
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results of this therapy as comparei with othe: sothoda. However, in view of the
eppareat mechaniam of the functional disturbences in water intoxication i+ seems
evident that the procedure which restores extracellular electrolyte levels to
normal most efficiently is to be preferred. This is particularly cogent in view
of the evidences showing that depression of serum chloride and sodium concentration
impai»s glomsrulsar filtration and therefore water diuresis (5, 17, 83). Figure 6
illustrates the weight changes and depression of electrolyte values in a typiocal
caze of water intoxication and the correction which was achieved in a 12-hour
period by the administration of hypertonio sodium chloride solution.
III. THE RELATIONSHIP OF PITUITARY CORTICOYROPHIC ACTIVITY TO THE ADRENAL
REGULATIOR OF ELECTROLYTES
The first two studies, those relating to postoperative changes in electrolytes

.and the gtudies of water intoxicetion demonstrated s consistent and ocoasionslly

serious reduction of sodium and chloride levels duriug the early postoperstive
phase., It is the authoris feeling that this phenomenon by itself goes a long way
toward explaining the tendency of the postoperative kidney to retain these ions.
As hes been stated earlier, however, it is generally accepted that the production
cf adremal hormones is largely concerned with postoperative sodium and chloride
retention and some have implicated those hormones (the ll-desoxy group) which are
believed to have as their spocific function the retention of sodiwum (75, 76, 77,
78, 99). At present very little is known about the measurement of endogenous
1l-desoxycorticosterones although some attempts in this direction will be meantioned
in a later section. A related question, and one of critical importance to the
arguwent can be attacked. We know that the other affects of stress for which the
adrenal cortex is responsible are mediated by pituitary corticotrophic activity.
Is the production of salt-regulating corticoids in the lnman under this type of
pituitary control? One recalls that the experiments of Greep and his co-workers
on the cytologic changes in the adrenal zones indicated that minsralocorticoids
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were independent of piiuitary corticotrophin (42, 71; 72). The experiments of
Daughaday on the effects of nodium restrictior on the output of corticoids in
hypertensive patients would suggest similar conclusions (25). Ths following
experiments were devised to nest this relationship in the relatively normsl
human subject.

The subjects wers patients awaiting elective surgical procedures wro agreed
to take the experimentsl diet. Patientis with acute situationz or inflsmmatory
or metabolic diseases were not studied. The experiments consisted simply in
placing these subjects on a diet containing 200-250 mgm. of sodium per day. This
diet wea found to contain an average of 4 grams of potassium ion., The subjects
were given in addition 12 grams of potassium shiovride in <ateric coated tablets.
This regime aliowed an intak: of 9-13 milliequivalen’s of sodium and 250-30
milliequivalents of potassiwa ion daily., It was snticipated that such a regime
would contribute and "electrolyte stross' adequete to mobllize whatever reactions
oa the part of the adrenal are necessary when a need for mineral-regulating corti-
coids exists. The usefulness of the Wilder tesi, which is based on a less severe
stress than this one and the poor resction which might be expected if an Addisounian
patient weras exposed to this regime would szeem to validate this assumption. To
assess pituitary corticotrophic activity, eosinophil ievels and urinary formalde-
hydogenic corticoid exnretion were measured, ‘

The effect of the diet on 1l subjects in whomn eosinophils were measured is
illustrated in Figure 7. In five of these cases, corticoid determinations were
also done. These are shown in Figure 8. Electrolyte balance studies were not
carried out on the entire group of subjects but the sodium exoretion and plesma
Na and Cl levels in two subjects on this regime are shown in Figure 9. As would
be anticipated, severe curteilment of rodium sxcretion occurs, but there is little

if any reduction in the plasma levels.

It is apparent from the experiments illustrated in Figures 7 and 8 that
neither eosinopenia nor increase in glycocorticoid exeretion was caused by this

e e O
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régime. Aotually, the eosinophil levels tanded i< be higher and the rcorticeld
excretion lower durirg the sxpsrimentel pericd. The conclusion is justified that
whatever response was made to this "electrolytc stress” did not involve the releass
of pitultary corticotrophic hormone. Although one cennot step to the converse
conclusion that pituitary corticotrophle stimulation does not produce mineralo~-
corticoids, this would seem to be unlikely in view of the data indiceting that a
rhysiclogical stimulus for mineralocorticoid production does not involve the
participation of cortiecirophic hormons.
JV. THE EXICRETION OF PREGNANEDIOL: AM ATTEMPT TO FIND DIRECT EVIDENCE FOR MINERALO-
CORTICOID FRODUCTION IN THE POSTOPERATIVE PATIENT

Although the sxperiments discussel in the prsvicus section suggest that
stimulation of the pituitary is rot involvai in the response to a sitnation designed
to call forth the production of minerslocoriicoids, ii ¢2es not olirdnate the
possibility that the converae proposition esuld bs true: namely, that stimmleation
of ths pituitary-sdrenal axis by strees could rasult ir the production of minerslo-
corticoids., For thie reason, a more direct approaca to this question was sought.
4As has been previously mentioned, the invostigation of this point has been hampered
by the lack of methods and by our limited knouledge of the metabolism of sorticoids,
particularly those of the ll-3esoxy type.

At the time whenm this investigation was begun, the only known fect pertaining
to the metabholisa of ll-deeoxycofbioosterons was that when the substance was
edministered to human’s and animsls, there was an insreased excretion of pregnanediol
glucuronide {34, 74, 87, &9, 184).

It seensd to be of interest, therefore, to ascertaia whether patients excreted
an increased amount of preganediol glucuronide following surgery. For this study
only male patients were utiliszed, since it was antlicipated that the cyclic production
of progesterone would dominate the excretioa of pregnanediol in the female.

peespel
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Figure 7. Bosinophil counts befor: during and after
low Na, bigh K intake in 1l subjec .. 0O = after at
least 24 hours of normal diet.
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The meen 2¢=hour erxerelicn of pregmanediol. by the method deserlbed in 25 male
patients awsiting elestive surgery and nct sufisring firom inflermatory or metabolic
diseases was 0,57 mge. i conparisen, the valuies on three adireralectomized pstisnts

were of some interesi. They are given below:

Mean of 25 male patients: 0,57 {8D = .424)
Ovariectomised-adreaalestomd.cod femeals

{M.S, 688211) .05
Ovariectonised~adrensleciomiiad fomsale

(B, 763790) 15
Orchiectonised—~adronalactomi.sed male

{P.G., 822436) .06
Orchiectomizied male (W, G, 352651) .37

Ths very low values seen after eirenalestony would seem %o offer confimatory
svidence thet a considerable portiocn of this material is of adrenal origin.
B. Exeretiop Fellowine Suyrg:ical Operation:

It was found that in 7 nale pationte studied, before and after surgical pro-
cedures, there waz an increase in pregnanediol oxcration following operstion in
all instances. The quantity resched a maximm in tire first or second postoperative
day, the postoperative excre:lon being two-to-7Tive times the p:.operative value,
In general the exereticz of ;;regnahed:lol ron paralial to that of the formaldehydo-
genic corticoids and to the depressicn of the blood eosinophil counts. The course
of the threc values befors ai after surgery is illusirated in Figure 10. The
formaldehydogemic corticoida were carried out only when the patients excreted
adequate amounts of urina for both determinationc to be done.

This finding constitutzi scmething of surprise, since it was avticipated from
the previons ayperiments involving sodium restriction that, followlng the stress
of surgery, nothing would bs excreted save oxyscrticoids. However, numerous

i
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wrptenatione Por o thio L3070 coeetod, oo wes obo chig phenoriien, oeourriag

in welaticnebip to curgery led nothing to do with sctivation of the pituitary-

adranel axig ant was evoked by some entirely differernt mochenlism suci: as the reduced
; (‘ serur sodium concentration which might independently stimilate the pruduction of a
mineralocorticoida. For this resson,: similer expsriments were carried out in whieh
ICTH edmirdstration was substituted fo:r surgery.

. Pregnanediol Exoretiop Dncing ACTH Adminisivation

In oxder to determine vhsthor excretion of the material bweing measured as

VRSP Al P AR

ot

fregnanedicl could be effects3 by stimunlation of the adraral cortex without the
axisterce of non-speeific strase, the same mesrurerents were dons during adminis-
tration of fror &0 %o 100 mgm. per day of ACTH., ACTH was given intrazrmscularly
vsaally ir 4 doses throughout the 24 hour pericd; in one case by 8-hcur I.V.
: infusicr. The nean vaiue befose treatment {10 observatiors on 6 pstients) was
E b4 mgn/2/, hours. During traaimemt {11 obsem-;bions' on 6 ceses) it rose to
1.35 mgw/2/ houre. The individuel cases are illustrated in Figure 11 which shows
relatisnghip ecsinophils and 2orticoid exoreticn. It geams justified thérefore
to conclude that the substansas thus m;aamn-ed is eithax: produced ty the adrenal
or ls e metabolite of an adrsiai produst,
D. PEreguanedio) Exoretion Pucine Glyoocorticeid Adminlsiratisn

It remsined to determine whether the ecretion ¢f pregnanediol was evidence
of the production of somethingz beside glycocorticoids. Wes this merely another
metabolie pathway common to all sdvenal hormonesa? Consequently, the same measure-
ments were carried out on patlontes who were ressiving glycocorticolds: Compounds E
end F. It was foucd that mdarate dosss of intremiscular cortisone {lees than 200 mgm.

éaily), gave no increase in pregnanvdiol ewsret:lon. Unfortunately, with such doses

significantly high urinsry fcraldahydogenic corticoids and profound sosinopenia

were not seen.
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3  SURGICAL MOPERAM TIONS

Figure 10. Exoretion of neter: ol in pregnanediol

O fraction following surgery and relationship to eosino-
and corticoid output: 1 -~ 3il1. herniorrhaphy,

phils
2 - Comb. proctosigmoidectomy, 3-5 - Gestrectomies,
7 - Colostomy.
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Whei, oz the cther bewl, reieiivoly lavgs foszses of rorbicsone wase used or vhen
the material was given hy movth, a mora. affeolive route of sduialstradien, defiritely
alsvated levala of urinars ;.ormaldahngexdc cortlceoide were found w.hhout associsted

_inereasss ia tho e réé%ic:n of_i;s;’e;'g"n'anediol ="F* g»ums 12 an'd 13}, Siuilar resulis
were found in tuo subjeuts who wm'e given Go!qmzxmd " by mu'nh and in whom pregnane-
dicl excretion ;as, i L.uything, derremm‘i duws, m the elevation of formaldshydogenie
corticolds and uhﬂ 1oming of eos.lnopzu is (Flgwe .Ld,)

it was of '«nm')se enti oﬂ.}.at@ﬂ That Uampound F mw.d gfwe the sann resuli as
Compound E aines thvam ie both ,___g_ggye and in writpo evidance that tho Liver conusrﬁs;
a portion of adwirdisterad G_emapmmd E tc Compount F (20, 54). Using paper chrometo-
gx-aphic analysis of _urime, we also have demomsitiatal the conversicn both from B tc
i aot fronn F o B i.n. @x&mnts in which the SLﬁastaneés were geperately sdministered
%0 aGrenslectomszed patletx‘m (191.) l

It appears then ‘th“\ti‘ amsgery and t»ifuitaz:, stumlati.on of the adrenal cortex
cause the liberstiou of & substsnce or substances distinet frem the well-recognized
glycocorticoids. Thie is a3 much as cen be conclt;;éed at t«ﬁe rregent tine, Thsai
%he praecuzreora of pregoanedicl sre of the li-disoxy or mineralccortiocid type is
poas:x.bla,, ut as yeb unproved.

B. Degouvoorticostavons fdninistnation sud lbaration of the Ne/K Ratde of the Diet

In uhat way sra the findings with rega-d o thex pregnaneficl frastion of wrine
reihted to ths original. rropositicn which we siertod out Ho irvestigate: that igg
vhe question of the preducticn sfbar swegsry of herwones specifically concefned with
nsalt retantion?

In general it- kas been possible Lo e¢onfirn the findings of the nrevious workers
regarding the conversion of cesciycorticosterone to pregrnanediol. The findings
have pot beer uniformly striling, acwever, nor eutirely eomeistent. Figure 15
illustrates the pregnanséiol in 5 male subjeets in whor oregnensdiol excretion
follewing desoxycorticostarure zdninistration vaz stulied. In 4 out of the 6 enses

the excrstion of this metabelite was apparently lncroased over tasal levsls. It
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was not possible, however, to givo desoxycorticosterone to humans in amounts at

all comparable to the quantities of Compounds £ and F which were employed in the

experiments cited above. This mey be responsible for the failure to find striking
r evidence of increased pregnanedicl in these experiments, One might expect a more

clear-cut effect in patients wit'out adrenals and this was found to be true in

2 adrenalectomized patients shoun in Figure 6. These patients wero maintained

on cortisone alone during the conlrol period and desoxycorticosterone then was
added without sltering ths cortirone dosage.

B e p—— e

I It would of course be of great interest to investigate pregnanediol in subjects
| ]

on the low sodium, high potassium intake described ia Section 3. Such experiments
are in progress, but conclusive rssults heve not yet bean obtained.
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INIERPRETATIONS

I. EXTRACELLULAR ELECTROLYTE CHANGES

It is appsrent that tie depression of sodium and chloride concentrations
vhich ococurs after surgery is a perfectly constant phenomemon which occurs immediately
after surgery, lasts five to six days, and in general is chronologically related to
the fall and sutsoquent rise of the eosinophil count. This redustion of electrolyte
concentration is occasionally so severe as to result in serious symptoms which have
been referred to as "water intoxication". The basic picture, however, in both the
"normal®™ postoperative cases and the symptomatic ones is one of dilution of the
major extracellular icns., The term "dilution" meems to be a good one sinse it does
not distinguish between a decrease in solute and an increzse in the volume of the
solvent. Clinically the effects of dilution are the same regardless of ite cause
and experimentally it is not at present possible to distinguish between a shift
of the solutes out of the extracellular space and a shift of water into the extra-
cellular space, It is hard to avoid the conclusion that this dilute state of the
plasma is causally related to the urinary restriction of sodium and chloride, since
it is well recognized that ir the normal individual the kidney protects the extrs-~
cellular sodium and chloride levels by restricting their exsretion. Mocore has used
the term "socium paradox" in reference to the fact that the serum sodium levels are
low despite the low .rinary concentrations (124). We would rather think of the
phencmenon in reverse order, the renal withholding of sodium bulng a perfectly
normal reaction to the depressed plasma level.

If one accepts this course of events, it remains to explain why the extra-
cellular ions undergo dilution. This is the heart of the problem and has so far
largely eluded investigation. Since it is apparent that sodium and shloride are
not lost fram the body, only two possible explenations exisi. Either the extra-
cellular space enlarges or the major ions become redistributed so that they come
to ocoupy a position inside the cell, Unfortunately, most methods which have been
applied so far do not permit this distinction to be made. Certainly a tendency
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to vater retention as illustrated by the slow fall in body weight in our casea is
part of the answer. Moyer has demonstrated this nicely in experiments which revesl
the difference in response of normal and postoperative subjects with respect to
response %o water administration (126, 127). Following the intravenous adminis-
tration of 5% glucose solution to normal individuals, diuresis is prompt and there
ocours no dilutiom; of the serum sodium levels. In postoperative patients, on the
other hand, the diuretic response is slov and sodium levels fall strikingly.

The question of determining whether hyponatremia ocours from the movement of
sodium outeide “he extracellular compartment or from an enlargement of the space
itself depends on a msasurement of the extracellular volume. HNumerous such
measurenents have been made in postoperative patiemts, utilizing sodium thiooyanate
as a tracer material (6, 58, 113, 119, 162, 163). Most of the studies have shown
an enlarged thiocoyanate space following surgery. The result of course varies
oonsiderably depending cn the amount of parenteral fluid administered. Conclusions
based on the use of thiocyanate, however, are not truly reliable under these
cirounstances. The thioocyanate ion behaves like chloride ion and hence only
measures the "chloride space". If chloride were to move inaide the cell one would
expect that thiocyanate ion would behave similarly. The loss of thiocyanate from
the extracellular compartment would give the impression of an enlarged extra-
cellular volums though no change in the real volume change had occuwrrasd. Other
techniques for extracellvlar volume determination would be desirable. Inulin
space would be valuable, but the long period of infusion required for rsaching
equilibrivm in the inulin space delermination rendsrs it impracticable in the
rapidly-changing situation of the postoperative patient.

In an attempt to alucidate this problem we made use of a modification of the
sodium thiosulfate space determination desoribed by Cardoso and Edelman (21, 44).
It wvas found that with a single injection and using the same blood samples, the
thiocyanate and thiosulfate spaces could bedetermined simmltaneously. By this
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method it was hoped to take advantage of the fact that thiosulfate ion is spparently
oonfined more rigidly to the anatomical extracellular space than is thicoyanate (68).
As hed been previously reported, preoperative thiooyanate volumes were found
to be oconsistently greater than those determined from thiosulfate fiziribetics,
(Aversge precperative values: Thiooyanate: 24.8% body weight; thiosulfater 20.4%
body weight). Contrary to the findings of most groups, the aversge volumes did not
inorease, but decreased very slightly on the first day after sugery (differemces of
1.4 and 1,3 per oent body weight), and returned to normal on the second postopsrative
day. In some individual instances the volumes incressed and in others they
decreased, but in all cases parallel chisnges occurred in the volumes as messured
by the two methods. The usual drop in serum sodium and chloride values was seen
80 that total extrasellular sodiua as calculated from the thiosulfate space changed
from 2.2 t0 1.9 equavalents with an associcted drop in chloride of from 1.6 to 1.3
equivalents, During this period the outputs of sodiwm and chloride wsre 48 and 75
mlliequivalents respectivaly. This lef? unexplained defisits of 260 mEq. of sodium
and 220 mEQ. of chloride. This defiocit cannot be svoounted for without involkdng
& sequestration of sodivm and chloride outside of the extrecellular opace. If, on
the other hand, chloride moved into the cell why did not a greate:r disorepancy
develop between the thiosulfate and thioocyanate values? We must admit that the
nechanism of dissppearance of sodium and chloride from the plasaa in the postoperative
patient remains a mystery, but wvhatever the mechanism, the phenomencn must be an
important factor underlying the sharp restriction of salt output by the kidney.
In gensral, the period of eosinophil depression and electrolyte deprassion
vere about the same. This does not imply any osussl relationship between adramal
function and sleciroiyte dilution, but more likely is only indicative of the faot
that the same factors of operative stress were stimnlating both electrolyte changes
and pituitary-adrenal activity. It is of interest t’iat the pattern of serum
electrolyte changes ocorresponds exactly to the changes described by Selye during
the "ghook", "counter—shock® and "resistance" phases cf the adaptation syndrome
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except for the fact that a true hyperchloremic phase is not seen in the human {146),
(Figure 1). This is further evidensce that the changes are the result of non-spsecific
stress and not mersly arcifacts produced by parenteral fluid therapy.,

ITI. THE SIGNIFICANCE OF POTASSIUM LOSS

It has been mentioned earlier the loss of potassium from the cell results in
sequestiation of sodium within the cell with a resultant extracellular alkalosis,
chloride being lost in the urine as thea extracellular bicarbonate increases. Darrow
has postulated that 2 sodium ions and one hydrogen ion move into the cell for each
3 potassium ions lost, thus explaining the extracellular alkalosis associated with
potassium deficiency (31). The findings here confiim previous studies showing
that serum potassium was lowered during the postoperstive coursge and it was of
intereet thai a mild alkalosis was seen, the bicarbonete beirg maximal in the average
case on the third posvoperative day. It ie unlikely, however, that the early
depression of sodium occurring in our cases in the first 24 hours is a manifestation
of the intracellular migration of sodium accompanying potassium depletion., Classical
poti:ssium deficiency is not characterized by low ssrum sodium levels. Alkalosis
wes not sevare in these patients and was not maximal until the third day after
operation, whereas the fall in serum sodium wes immediate, Furthermore the develop—-
ment of potassium-deficiency-alkalosis picture involves an excessive loss of
chloride in the urine. Thias is the antithesis of the actual finding in early post-

operative patients,

IITI, ENDOCRINE FACTORS
Recent writers have all emphasized the importance of accelerated adrenal
activity as the mechanism responsible for postoperative sodium and chaloride re-
tention, potassium loss and negative nitrogen balance (48, 75, 76, 77, 78, 123, 124).
Cne wonders, however, whether this is the only factor involved znd even whether
it is & necessary factor. Ja this connection some experiments of Ingle are

relevant (97). Ingle observed that if rats were subjected to fractures of the

_long boner, a characterigtic pattern of pesitive rodium and chloride balance and
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negative potassium and nitrogen equilibri'm could be demonstrated. These phenomena
were not seen in adrenalectomized rats. 'f; on the other hand, the adrenalectomized
rats were maintained on a constant amount of sdrenal sxtrsst, frastures would result
in a metabolio plcture identical with that aeen in the intact rats despite ths faot
that no changs in adrenal function or adrenal replacement oocurred. In other vords
the presence of adrenal glands waa necessary, but a changing level of adrenal
funotion was not. Ther> seems to be no good reason why the implications of thsse
experinenis might not apply to the human. K ‘oes there appear to be any reason
for not believing that more than one mechanisa may be operating to produce this
metabolic plcture.

IV. THE QUESTION (OF SPECIFIC MINERALO(ORTICOIDS

It 15 obvious that the experiments described here have not entirely answered
the question of whether the adrenal glands under surgical stress release ll-desoxy-
coapounds or substances specifiocally concerned with electrolyte mstabolism. Never-
theless from the observations whioh were made some limited conclusions can be drawn.

Since neither eosinopenia no: incre-se in formaldehydogenic corticoild excretion
ocourred following irstitution of a very rigid low sodium, high potassium regimen,
it is clear that under anything approaching physiologic ciroumstances the pituitary
oorticotrcphic mechanisa 4s not involved in tho response of the body to the necessity
for sodium couservation.

It 1is otill entirely possible, however, that stress and adrenal stimmlation
do cause the release of minsralocortiocoids of the ll-desoxy type. It is clear from
our findings with regard to pregananedipl exoretion following surgery and during
ACTH treatment that adrenal stimulation results in the secretion of some substances
beside the well-kmown glyococorticoids (Compounds E and F). The only cortical
substance at present known to be metabolised by this rcute is ll-desoxycorticostercne.
Other steroids (e.g. Compound B) should be tried before ons could safely state that
and 1l-desoxy substance is the precursor. Ths recent findings of Wolfson ard Conn
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have also demonstrated that adremal stimulation results in the output of substances
distinect from Compounds E and F (28, 186). In experiments quite analognus to ours,
they found that the Pettenkofer chromagens were inoreased following ACTH therapy,
but not following the administration of Compounds E and F. The sffect of surgery
was not investigated.

The knowledge obtained from studies of urinary excretion stud{es has in recent
months been sugrented oonsiderably by the analysis of adremal perfusates and adrenal
vein blood. This work, pionsered by Pincus and his associates, iz now being per-
formed by a mmber of groups (83, 84, 141, 159, 160). From such analyses, it has
been determined that the adrenzl probably produces Compounds F end B as well as small
amounts of desoxycorticosterons and Reichastein's Substance S. PFsotors which @ight
be involved in an accelarated elaborstion of the last two oompounds have not
been inveatigated.

Simpson, using a chromatographic method has separated a powerful salt-retaining
substance from dog and monkyy tdrenal-vein blood, the chemical nature of which is
wlxwon (153). Recent experiments with 2,2-bispera-dichlorophenyl-l,l-dichloroethans
vidoh selectively destroys the retionlar and fascicular sones of the adienal cortex
have produced animals with normal electrolyte metabolism despits the obliteration of
other adrenal moieties (18). Such findings argue for the independent, salt-regulating
sons glomsrulosa as suggested by Greep.

V. ADRENAL FUNCTION, ELECTROLYTE DILUTION AND WATER INTOXICATICN
The foregoing studisu havs shown that the depression of extracellular sodium
levels is an entirely constant 'inding after operations and that in uncomplicated
instances this depression is marximal on the first or second postoperative day. The
ocases of postoperative water intoxication occurring most frequently between 24 and
48 hours after operation, were characteriged by very low sodium values and hence
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appeared to represent an exaggeraticn of what can be referred to &8 a normal.
postoparative reaction. To what extent is adranal function implicated in either
the normel or the exaggerated picture?

Selye has shoun that chloride depression during the "shock phase’ of the
sdaptation syndrome is more profound in adrenalectomised animals and that the return
to normal which should occur in the “counter-shock phase” is largely impaired (147).
Similarly it has been repeatedly demonstrated that adrenal insufficiency greatly
increases the susceptibility of animals to water intorlcation end that large
amounts of adrenal hormones will render animals completaly refractory to this
disturbance (63, 64, 65, 81, 161). This relationship has been used Ly Woodbury
as a method for assaying the action of certain types of adrenal hormones (187, 188, 189).
This action was first shown to be effective in the human by McQuarrie and his
associates (121, 144).

In the face of this evidence, it is a temptation to implicate a relative
deficiency of ad-snal function ir “hose individuals who suffered the effects of
wvater intoxication, and in particular those who did not receive unduly large amounts
of water., Nevertheless only one of the patients showed an eosinophil count which
wag not within the range normally snticipated after operstions. It should be
emphasiged, however, that the eosinophil eount is a very sensitive test of adrenal
function. It is probably tvo sensitive to be used for comparing degrees of
hyperfunction which ococur after operations in different individuals. It has been
suggestad that the 17-ketosteroids would be a better quantitative index of the
adequacy of postoperative adrenal reaotion (11). The postoperative serum sodium
level is the resultant of poorly understocd factors leading to hypotonlcity on
the one hand and the sodium retaining and diuretic effects of adrenal hormones
on the other. For this reason ws have come to feel that the sodium level on the
first or second day after opsration is a more valuable index of the effectiveness
of the patient’s response to the streas of operaticm than is the eosinophil count.
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In this connection it 4s of interest that,whereas the eosinopenic response in the
highly radical operatiors was practically identical with that associated with
standard procedures, the depression of sodium and chloride was significantly
greater in the former group.

VI. FUTURE TNVESTIGATION: OTHER ENDOCRINE AND NON-ENDOCRINE INFLUENCES

The sxperiments reported here represent ouly a few of ths approaches which
can be utilised in an attempt to elucidate the background of electrolyte metabolism
in surgical patients. Many prohlqa avait the development of adequate analytical
methods. This applies to the study of the various fluid compartments. It is also
the limiting factor in the advance of lnowledge concernirg the precise steroid
bhormones involved in the various manifestations which have been discussed here.

In recent months we have been gaining experience with newer chromatographic methods
vhich greatly facilitate the separation of individual steroids in blood and urine.

At present we are applying such techniques tc follow the metabolism of various
steroids administered to adrenalectomised patients (15, 191). We are investigating
the urinary steroids excreted in subjeots on intakee chiracterised by varicus sodium/
putassium ratios. T ese findings will eventually be applind to & detailed analysis
ol the blood and urine of postoperative patients.

Some other factors which may relate the effects of surgery to water and salt
metabolism are vorthy of serious consideration. Hayes and aszociates have, on the
basis of indireot evidence, revently suggested that an excess produotion of posterior
pituitary antidiuretic hormones plays a role in the water retention associated with
anesthesia and surgery (82). This is a very reascnable hypothesis, but further
proof must await more specific methods for the measurement of ADH than the
bioassay procedures which are now available,

A ciroulatory mechanism may also be of great importance in the genesis of
postoperative salt retemtion. It is recognized that the renal management of sodium
ion is very delicately related to changes in the cardiac output, decreases in cardiac

output being compensated for by reduction of sodium excretion (16). Using a
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tal1isto-cardiographic method we have obteined evidence which suggests that the
cardias output is quite severely reduced by anesiuczi: and surzery even in instar~=c
vhere hemorrhage a.l shosk are not involved (192). This is snother facet of the
problem to which mors precise methods of measurement shovld be applied.
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CNCLUSIONS

The postoperative metabolic picture is characterized by an abnormally dilute
status of the major extracellular 2lscirolytaa and by retantion of sodium and
chloride from the urine. Concomitantly, retention of water can be demonstrated
by comparison of the body weight changez after operation with those of non-
operated individuals under similar ocondition of nourishment. It is clear moreover
from the two groups of patients studied here that the phencmensa of dilution are
in greater evidence in patients undergoing prolonged extensive surgery than in
those who have hed wore standardised procedures. Both enaverine and non-endocrine
faotors undoubtedly contribute to this picture.

Since the depression of serum sodium and chloride levels following surgery
is an entirely consistent finding, sesn in all types of surgical patients, it
is reasonable that this itsself partly asccounts for the rerorted retention of
sodiun and chloride from the urine.

It has been generally accepted that pituitary mobiligation of salt-retaining
adrenal hormones is responsible for postoperative positive balance of sodium and
chioride. In this connection there can be no doubt that large amounte of adrenal
hormones are mobilized after operations. In addition to the evidence consisting
of sosinopenia and glyococorticoid productinrn which are well recognised, we have
demonstrated the presence of another hormone metabolite or group of metabolites
(pregnanediol) which apparently has differint precursors from those which give
rise to the urinary glycocorticoids.

Nevertheless, despite tha fast that desoxycorticostercne is the only corticoid
we novw know which is metabolized to pregnanediol, the proof that surgery or
pituitary corticotrophic stimulation produces desoxycorticoids or any hormones
whose specific activity is one of salt regulation remains incomplete. Some negative
evidence on this point exists in our finding that the strongest "salt stross" we
could impose on the adrenels c;f human subjects evoked no evidence of pituitary
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corticotrophic activity. This is in harmony with the work of Grsep who found

mineralocorticoids in the rat to be independent of the pituitary.

Whether or not specific salt-regulating corticoids are involved there seems

to be little doubt that adrenal hormones play & role in the postoperative regu-

lation of fluid and electrolyte balance,

The glycocorticoids, though usually

thought of as regulators of organic metabolism have definite effects on mineral

balance and profoundly influence the exoretion and distritiition of water,

It would appear then that surgical stress influences the metabolism of water

and electrolytes through at least two channels.

Through mechanisms about which

almost nothirg is kmv«., water retention and deprassion of sodium and chloride

concentrations take place. These ocourrences are deleterioua. Simmltaneously,

however, the pituitary-adrenal axis is stimulated with the release of hormones

capable of minimizing these effects by causing sodium retention and water diuresis,

The situation at any pcint in time represents the resultant of these antagnostic

effncts of stress., The following diarram i1llustrates such & scheme.

Surgical Strass
Unknown moﬁ\fnim/

? siroulatory
? post pituvitary

Water retention
Sarum Na and Cl depression

S~

~—

Hypothalamus
Anterior pituitary
Adrenal corteg

¢
17
osycorticoids deéomorticoida

<&
Water diure‘a‘is

Motilization of K from tissues
Susceptibility to water intoxication

—> Na and Cl retention
Excretion of K
Protection from water

intoxication

It is apparent that the factors in the left hand colum. dominate the picture

in the earliest part of the reaction to surgery.
phase" of Selye‘s adaptation syndromo.

This sorresponds to the "shock
Subsequently the actions which are medisated

by the pitultary-adrenal system take over to counteract aud minimize these ‘ieleterious
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effects. The course of events can be mapped by the courss of the ssrum sodium.

We feel, therefare, that if any one criterion were tob chosen, the serum sodium
wuld constitute the best index of the effectiveness with which the patient has

——
-

Sojamied Lu ihe narmiul efrects of surgical insult.
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SUMMARY

(1) From a study of 40 patients following standard uncomplicated major
surgioal procedurez a consistent pattern of changes in fluld ard electrolyte
distribution ani adrenal activity ocould be desoribed. Fosinophils reached a mini-

mm level in 24 hours aud returned to normal in 4 to 6 days. Blood sodium and chloride

consentrations fell immediately following surgery and returned to preoperative
values over approximately the same period of time as the eosinophils. Sodium
levels responded toward normal somewhat more rapidly than did the shlorides.
Aocompanying these changes, there wvas a very slight tendenoy to alkalosis vhich
vas maximal in the average instance on the third postoperative day. FPotassium
levels of the serun were depressed throughout the postoperative course.

A tendency to the retention of body water was manifested by a failure of

the body weight to fall as rapidly as wouid be expected in non-operated subjects
on similar conditions of inadequate mutrition.

(2) In 16 patients who underwent unusually long, extensive and complicated
operations for cancer, it ocould not be demonstrated that the eosinophil response
differed from that in the standard operations provided that no postoperative
complications ocourred. The changes in fluid and electrolyte metaboliem, on
the ocontrary, were quantitatively different. Serum sodium and chloride levels
dropped lower and returned to normal more slowly. This was ascompanied by evi-
dence of a greater tendency to the retention of water.

(3) In 20 patients serious central nervous system manifestations couid be
related to an exaggeration of the ordinarily cilute state of the postoperative
electrolytes. These instarces of sc-cailed "water intoxication®™ took the form
of seimres or coma ocourring most frequently between the first 24 and 4B hours
after surgery at the time when the serum elentrolytes are normally expected to
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be mosi depressed. The only constant finding in these instances was exi\remely
lov serum sodium and chloride values. Evidences of positive water balance vus

Present in most instansss and covizdosege of poven’.oral fluid wes responsible

{57 6 oaves.

Despite the wealth of experimental evidence linking adrenal function with
susceptibility to water intoxiecation, it was not possible to demonstirate by
eosinophil counts and eosinopenia tests any adrenal deficiency in this group
exoept in the Linstance of one patient whose eosinophil response to surgery w=:
clearly abnormal.

(&) Experiments were devised to further slucidste some aspects of the role

of the pitultary-adrensl axis in the control of sodium and chloride balance in

the postupearative patient. The firat of these was an attempt to determine whether
ad-~enal mineral-regulating corticoids were under the control of the anterior
pituitary. In 11 subjects, the imposition of a revere "salt stresa" in the form
of a low sodium high potassium diet produced no evidence for pituitary cortico-
trophic activity as measured by eosinophils and formaldehydogenio corticoid
excretion. This was in harmony with rat exprriments reported by others which

have suggested that mineral-regulating corticoids are independent of the pituitary.

(3) Because previous workers had demonstrated that the mineralocorticoid
l1-desoxycorticosterone could be metabolized to pregnanediol an attempt was made
to find the latter substance in the urine of postoperative patients. In 7 male
patients studied, material in the so-called "pregnanediol fraction" was found to
be elevated in all instances for the first 2-3 days after operation. ACTH pro-
duced similar results but the administration of Compounds E and F did not, The
lowest urinary pregnanediol excretions measured were in 3 gonadectomized adrena-
lectomised individuals. The conclusion seemed justified that the precursors of

this material in the urine of postoperative males are one or more adrenal steroids
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dietinet from the glycocorticoid Compounds E and F, That they are ll-desoxy
coapounds remaias to be proved or disproved.

(6) It was concluded from thess studies and those of othors that both endo-
orine and non-endocrine fastors are important in the disturbance of electrolyte
metabolism which is characteristic of the postoperative state. The well-known
retention of selt by the kidney must be partly dus tc the relatively dilute state
of the major extrecellular constitusnts. In addition, an excessive produstion of
adrenal hormonss as a result of stress and pituitary-edrenal estivity undoubtedly plays
a role, but whether this astivity represents the presence of so-called mineralo-
corticoids or is merely an incidental action of glysocorticoids is not clear, ]
Evidence ou both esides of this question has been presented. Further investigation
should be directed toward the development and utilisation of better techniques
for properly desoribing the nature of extracellular ion dilution vhich occurs

after surgery and for accurately identifying individual andesrine substances.
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